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We have completed the development of a prototyﬁe that has 140MHz internal
operating frequency and 35.8Gbps external interface, which is 1/6 of the 28nm assumed ASIC (3mm
square) and 4 chips configuration. As a result of the measurement, the single precision floating
point arithmetic performance of the prototype is 5.6 times in the matrix product of 480x480, and 6.2
times in the convolution operation of 242x242 (ICH = 18, OCH = 16, K = 3x3) compared to NVIDIA
Jetson TX2 respectively. Similarly, the estimated performance when converted to ASIC was 1.8 times

in matrix multiplication, and 2.0 times in convolution operation compared to NVIDIA®"s GTX1080Ti
respectively.

CGRA



GPU FPGA Field Programmable Gate Array

VLIW Very Long Instruction Word

SIMD Single Instruction Multiple Data 1960 70
° SIMD
° VLIW  SIMD
e GPU SIMD
GPU
GPU
LSl
FPGA
FPGA
1982 H.T.Kung
CGRA Coarse Grained Reconfigurable Architecture
FPGA
OFF
2000
CGRA
2016 CGRA
CGRA
100% CGRA
CGRA
40nm CGRA
CGRA
CGRA
FPGA CGRA
CGRA CGRA
29
CGRA CGRA-LSI
6 GPU
CGRA
CGRA
100% CGRA
LSI
CGRA

1
-2 CGRA



— ocally continuous E il | L’; an) n(lears 0
2 3 ) "ayCCESStGS Fewfarlor:gac‘cesses " :CKCESSIESh "
2015 C CGRA N = X
CGRA ¢ u I 'Tj\/ ‘r'T‘ b
/ [ ~ ‘
CGRA x ‘
CGRA CGRA REEBRTFUUI  BEERTUVIL ERIRLEHAH
C 1
printf()
CGRA
CGRA CGRA
CGRA
LSI
FPGA
CGRA
CGRA
CGRA #
z
CGRA CGRA %
CGRA
HEVC
3-1 CGRA
CGRA CGRA  ALU
1
3-2 CGRA AU CGRA ALU
CGRA
ALU
30
CGRA Verilog
1-1 FPGA ARM-SoC 4 8 CGRA 30 ARM-FPGA
CGRA
CGRA CPU
CGRA
LSI
1-2 40nm LSl 4 64 CGRA
EMAX2 180nm 169 mm 4 16 128
40nm 6 mm GPU
31 25 mm 4 64
100%
EMX2 GPU 4
1-3 CGRA GPU
L2 2
CGRA CGRA
30 CGRA-LSI
8
CGRA
CGRA 100 CGRA
31

CGRA



CGRA
[ ]
CGRA
° 29
ARM-SoC 4
° 30
CAD
30

CGRA 3-1 3-2 CGRA

31 HEVC
FPGA
LSl
CGRA
SIMD/GPU
CGRA SIMD
LSl
LSI
Clang
SDSoC CGRA
3-1 3-2 CGRA
CGRA
(poster )
CGRA
CGRA
3
ASIC  28nm
FPGA
CGRA
CGRA
CGRA CGRA CGRA
RMM
CGRA
CGRA
CGRA
64 28nm
40nm LSI
1/0
CAD 1/0
LSI LSl
LSI

LSI



ARM-SoC VU440

44 CGRA(IMAX2)
CGRA
30 LSl
FPGA CGRA
FPGA Jetson-TX2 GPU
CNN
° 31 K| AXI1
CGRA FPGA
31 AXI CGRA
FPGA HOST  ARMv8 XILINX ~ ZCU102
XILINX VU440 S2C  Prodigy Logic Module
AX1-READ AXI
GPU CPU
° 2 ASIC CGRA
VBGMM CGRA CGRA
ASIC CGRA FPGA
5Gbps*3 5Gbps*8 32KB
64KB
SIMD-LOAD
64bit
SIMD-LOAD
2 FPGA FPGA
4 140MHz 35.8Gbps
28nm ASIC  3mm 4 1/6
NVIDIA  Jetson TX2 480x480
5.6 242x242(1CH=18,0CH=16,K=3x3) 6.2
X2 480Gbps 76 83
ASIC NVIDIA  GTX1080Ti 1.8
2.0 GTX1080Ti 3872Ghps
30 35 (1.0/471mm*  1.8/8.4mm?*4)
25 (1.0/471mm?  2.0/8. 4mm**4) 28
2 (
) 9 5 (grapes jacobi
fd6 resid wave2d)
VBGMM
VBGMM CGRA GPU
CGRA

DiaNET



27 27 0

TRAN Thi DIEM NAKASHIMA Yasuhiko

Vol .E104-C, No.7

SLIT: An Energy-Efficient Reconfigurable Hardware Architecture for Deep Convolutional Neural

Networks

2021

IEICE Transactions on Electronics

DOl
10.1587/transele.2020CDP0002

ERLINA Tati ZHANG Renyuan NAKASHIMA Yasuhiko

Vol .E104-C, No.5

A Feasibility Study of Multi-Domain Stochastic Computing Circuit 2021
IEICE Transactions on Electronics -

DOI
10.1587/transele.2020ECP5015
Honda Taku Nishimoto Hiroki Nakashima Yasuhiko CANDAR*20
Speeding Up VBGMM By Using Logsumexp With the Approximate Exp-function 2020
CANDAR*® 20 -

DOI
10.1109/CANDARW51189.2020.00032
Thi Thu Thao Khong, Takashi Nakada, Yasuhiko Nakashima CANDAR*20
Bayes without Bayesian Learning for Resisting Adversarial Attacks 2020

CANDAR" 20

DOl




SHINGAI Ryuta HIRAGA Yuria FUKUOKA Hisakazu MITANI Takamasa NAKADA Takashi NAKASHIMA E103.D
Yasuhiko

Construction of an Efficient Divided/Distributed Neural Network Model Using Edge Computing 2020
IEICE Transactions on Information and Systems 2072 2082
DOl

10.1587/transinf.2019EDP7326

Renyuan Zhang, Tati Erlina, Tinh Van Nguyen, and Yasuhiko Nakashima 150CC2020

Hybrid Stochastic Computing Circuits in Continuous Statistics Domain 2020

IEEE Int. System-on-Chip Conf., pp.225-230, Sep. 8th-11th 225-230
DOI

Tran Thi Diem Kimura Mutsumi Nakashima Yasuhiko SigTelCom2020

Primary Visual Cortex Inspired Feature Extraction Hardware Model 2020

SigTelCom2020, Aug. -

DOl
10.1109/SigTelCom49868.2020.9199057

Kan Yirong Wu Man Zhang Renyuan Nakashima Yasuhiko 1SVLS12020

A Multi-grained Reconfigurable Accelerator for Approximate Computing 2020

2020 IEEE Computer Society Annual Symposium on VLSI (ISVLSI) -

DOl
10.1109/1SVLS149217.2020.00026




Wu Man Chen Yan Kan Yirong Nomura Takeshi Zhang Renyuan Nakashima Yasuhiko NEWCAS2020
An Elastic Neural Network Toward Multi-Grained Re-configurable Accelerator 2020
The 18th IEEE International NEWCAS Conference -
DOI
10.1109/NEWCAS49341.2020.9159845
Nguyen Van-Tinh Luong Tieu-Khanh Zhang Renyuan Nakashima Yasuhiko 15052020
A Compact and Accuracy-Reconfigurable Univariate RBF Kernel Based on Stochastic Logic 2020
IEEE International Symposium on Circuits & Systems -
DOI
10.1109/1SCAS45731.2020.9180624
IWAMOTO Jun KIKUTANI Yuma ZHANG Renyuan NAKASHIMA Yasuhiko E103.D
Daisy-Chained Systolic Array and Reconfigurable Memory Space for Narrow Memory Bandwidth 2020
IEICE Transactions on Information and Systems 578 589
DOI
10.1587/transinf.2019EDP7144
Nishimoto Hiroki Nakada Takashi Nakashima Yasuhiko CANDAR"19
GPGPU Implementation of Variational Bayesian Gaussian Mixture Models 2019

CANDAR"19, REGULAR PAPER

DOl
10.1109/CANDAR.2019.00031




Nguyen Van Tinh Erlina Tati Zhang Renyuan Nakashima Yasuhiko

CSA2020

A Programmable Approximate Calculation Unit Employing Time-Encoded Stochastic Computing
Elements

2019

Proc. 7°th Int"1 Workshop on Computer Systems and Architectures(CSA19)

DOl
10.1109/CANDARW.2019.00024

Iwamoto Jun Zhang Renyuan Nakashima Yasuhiko

CSA2020

Evaluation of a Chained Systolic Array with High-Speed Links

2019

Proc. 7°th Int"1 Workshop on Computer Systems and Architectures(CSA19)

DOl
10.1109/CANDARW.2019.00021

Zhang Renyuan Chen Yan Nakada Takashi Nakashima Yasuhiko

S0CC2020

DiaNet: An Efficient Multi-Grained Re-configurable Neural Network in Silicon

2019

IEEE International System-on-Chip Conf.(SOCC)

DOl
10.1109/S0CC46988.2019.1570548015

ZHANG Renyuan NAKADA Takashi NAKASHIMA Yasuhiko

E102.A

Programmable Analog Calculation Unit with Two-Stage Architecture: A Solution of Efficient
Vector-Computation

2019

IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences

878 885

Dol
10.1587/transfun.E102.A.878




J102-D

DSA CNNs CGRA 2019
D 477 490
DOI
10.14923/transinfj.2018JDP7061
CHEN Yan ZHANG Jing XU Yuebing ZHANG Yingjie ZHANG Renyuan NAKASHIMA Yasuhiko E102.C
A ReRAM-Based Row-Column-Oriented Memory Architecture for Convolutional Neural Networks 2019
IEICE Transactions on Electronics 580 584

DOl
10.1587/transele.2018CTS0001

Erlina Tati Chen Yan Zhang Renyuan Nakashima Yasuhiko

GLSVLS12019

An Efficient Time-based Stochastic Computing Circuitry Employing Neuron-MOS 2019

GLSVLS12019, pp.51-56 51-56
DOI

10.1145/3299874.3317985

Ichikura Takahiro Yamano Ryusuke Kikutani Yuma Zhang Renyuan Nakashima Yasuhiko -

EMAXVR: A programmable accelerator employing near ALU utilization to DSA 2018

2018 IEEE Symposium in Low-Power and High-Speed Chips (COOL CHIPS)

DOl
10.1109/CoolChips.2018.8373078




Uetake Noriyuki Zhang Renyuan Nakada Takashi Nakashima Yasuhiko

A programmable analog calculation unit for vector computations 2018
2018 IEEE Symposium in Low-Power and High-Speed Chips (COOL CHIPS) -
DOI
10.1109/CoolChips.2018.8373080
Zhang Renyuan Uetake Noriyuki Nakada Takashi Nakashima Yasuhiko 38
Design of Programmable Analog Calculation Unit by Implementing Support Vector Regression for 2018
Approximate Computing
IEEE Micro 73 82
DOI
10.1109/MM.2018.2873953
Takahiro ICHIKURA, Yuma KIKUTANI, and Yasuhiko NAKASHIMA J102-D
DSA CNNs CGRA 2019
IEICE Trans., Vol.J102-D, No.07 -
DOI
Hoang Gia Vu, Shinya Takamaeda-Yamazaki, Takashi Nakada, Yasuhiko Nakashima FCCM2017
CPRring: A Structure-aware Ring-based Checkpointing Architecture for FPGA Computing 2017
FCCM2017 192-192
DOI

10.1109/FCCM.2017.60




Renyuan Zhang, Takashi Nakada and Yasuhiko Nakashima CANDAR*17
A Feasibility Study of Programmable Analog Calculation Unit for Approximate Computing 2017
CANDAR" 17 180-186
DOI
Hoang-Gia VU, Shinya TAKAMAEDA-YAMAZAKI, Takashi NAKADA, and Yasuhiko NAKASHIMA Vol .E101-D  No.2
A Tree-based Checkpointing Architecture for the Dependability of FPGA Computing 2018
IEICE TRANSACTIONS on Information and Systems 288-302
DOI
Hoang Gia Vu, Takashi Nakada, and Yasuhiko Nakashima ARC2018
Efficient Multitasking on FPGA Using HDL-based Checkpointing 2018

ARC2018

DOl

24 5 0

IMAX2: GTH 8 IMAX

, vol.120, no.338, CPSY2020-27, pp.31-34

2021




(IMAX2)

, vol.120, no.338, CPSY2020-28, pp.35-39

2021

2020

, vol.119, no.372, CPSY2019-75, pp.147-150

2020

CNN

, vol.119, no.147, CPSY2019-36

2020




, Vol.2019-ARC-237, No.15

2020
CGLA

, vol.119, no.76, CPSY2019-9, pp.71-76
2020
GPGPU

, vol.119, no.76, CPSY2019-1, pp.1-5
2020

CNN

xSIG 2018: The 2nd. cross-disciplinary Workshop on Computing Systems, Infrastructures, and Programming

2018




Tati Erlina, Renyuan Zhang, Yasuhiko Nakashima

An Efficient Multiplier Employing Time-Encoded Stochastic Computing Circuit

, vol._118, no.339, CPSY2018-41, pp.47-52

2018

, vol._118, no.339, CPSY2018-40, pp.33-38
2018

, vol._118, no.334, VLD2018-62, pp.155-160
2018
Al

, vol.118, no.339, CPSY2018-37, pp.3-8

2018




Jun IWAMOTO, Yuma KIKUTANI, Renyuan ZHANG, and Yasuhiko NAKASHIM

CGRA Cascading for Narrow Memory Bandwidth and Low Cost

xSIG 2019: The 3rd. cross-disciplinary Workshop on Computing Systems, Infrastructures, and Programming

2019

Keisuke Fujimoto, Takashi Nakada, Shinya Takamaeda-Yamazaki, Yasuhiko Nakashima

A Multi-Level Power-Capping Mechanism for FPGAs

xS1G2017

2017

2017

2017




FPGA

2017

Google TPU Deep Learning

2017

Deep Learning Approximate Computing

2017

Renyuan Zhang, Takashi Nakada, Yasuhiko Nakashima

A Programmable Analog Calculation Unit based on Support Vector Regression

2017




Approximate Computing

2017
2017
23
2017
0
8
2021- 27859 2021
PCT/JP2020/025123 2020
2020-91392 2020




2019-517698 2019
NCHIP
2019-121853 2019
PCT/JP2018/018169 2018
2017-96061 2017
PCT/JP2018 2018
2
7201680019602 2020

Data processing Device

Yasuhiko Nakashima

US Patent 10,275,392

2019

NAIST Computing ARchitecture Lab
http://arch.naist.jp/

http://arch.naist.jp




(ZHANG Renyuan)

(00709131) (14603)
(NAKADA Takashi)
(00452524) (14603)




